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This invention relates ,• 

-nation processes. The ^J^Ll lT' ■"* " 
Partxcular reference t0 t „e „ se J ^" * with 
«yl»te antibiotic and t>1 * ° ^ " »«- 

a ***** b eta-laeta» stcu « Bt .^^,~ "* t -' 1 « 1 « 

" K of ti>e Penicillin group. 

Background „ f the Tn..,^..^ 

It is kno»n that 6-aminopenicillanic acid k 
prepared fro* precursors, such as p«i""l" « 
V. by . ither of £wo methofls 0 /X"b is a * P9nl0i " i ° 
Process e «„ pi i fied by „ s patent ^^ ^Z 
chemical method has ..«„, „ J ' 49 9'909. The 

explicated control o. the rel ^ "* 
solvents for carrying out the reacWon at "~ " °* 9Uie 

temperature (-40» C) u „ d er atrictlv > f 3 1W 
a" <- which results in a ^ ' " ndi "°'"< 

process. The preferred alt.™ ,■ e "«gy-consun,i ng 

-static actiL rf ^i^™. 7 """^ thm 

"artin, *ateri al s. To* a"" !" 

rapid process, since it ?! . , COnVenient an" »°re 

Produces a purer Ir J^VjlTT^ ^ ""^ 
Present, therefore, the en™L " J, " CeSS - At 

-re favoured. pHT" *" ■ 
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The penicillin acyl aS p „ e _ 

«* obtain m„ J.™ v <•» <* 

are capable of syntnesial * ^ 11 ^" e - l - 1 «— 
activity. Bxa^les of suc h r» U " ° f "* 

fflU «CC 9«37, Escherichia coil M c l"^ 
rubidaea A TCC 181 Plot ~ " «"5» Serratia 

5S2sis£iaa aicc usTTTiSr***^ RTCC 9250 ' £i£«±25 

used once and vas „ot .^Su?,^"^ ^ "* 
separation of the . nIvme fce _ the n JT"''^ m 
easy. The en 2ym e used „as J ceact "n mixture was not 

° waB also ot low stability. 

To obviate the foregoing difficulties „ uch . f , o _ 
been mad . to aavelop „ tl . f immobn .^ 

systems to obtain inso7n»o« enzyme 

4-k » ^soluble enzymes which can be recvei^ 4 

,ro e of:;:: y r : r "^/ ioMss and ^ — * 

5ses for Preparation of immobiii*** 
described in several p at ent s * sci _T t are 
Patent Nos . 3,536 587^ ^/?! °" S ' f ° r us 

3 9=9 574, 3,957,530, British Patent Hos.I, 
l.»74,.„. G er„a» Patent ,„.. r,,^, 

— according J Wtl l^TJT^' T"" °* 

German Patent Ho. 2,345,186. 3 ' 925 ' 15 ' *nd 3,953,291, 
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(a) ionic bindinrr ^ c 
Bioeng . 15:13). — -=±' Bl otechnrtj 



Bi 

(b) 



W covalent binding by chemical i ■ u 
functional group of the ° e 1" ^ 

enzyme ( German Of fen 2 21 s essential to 

2,215,53^ — ^ ^ 2I5r S12, 2,215,505; 2,215,687 



and 



1 ai « iiMnj. thij, 3,548 (1977)). 

in processes f or me 

P».„ t No . 3,953.291, cr the stLe^T > ""^ ^ ™ 
is the preferred type used i n tyPe " hich 

latter type reouir^r lnau «^ « Present. The 

»Mch r.STt^ he al t :r ^ PCOPeller Wtthin *• 

ty (DS Patent No. 3 ,957,580) . 

manner. 1Uons 311,3 ln a continuous 
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The present invention « 
^ving 6nsyoa tic actlv . t ^ T.S£??. m «t.ri« 
*«.<*..!.« in that t £ - ln * »1 -tri,. 

* mi " u « thereof. The gel COBt , . a9ar " Se ' c ««9«n,n, or 

b«a S . other aspects £ " £s l " *»• «*« of 

a- appended cla'L **" '"""oa are ideated i„ 

The present invention a i 
acylation process usin ZZ* 0 , , C ° mPIiS ° a a " en2 5"»"ic de- 
*bove, especially . ^^t 1 "!^ « bribed 

..SinS, iWM li2aS penicillin !' f PrePara "°" °* 6-*PA by 

V, to give as a product T hT " " " Penl<:il «<> 

enzyme used Is of hioh " " a <=yl-9cc.up immobilize 

« u=ed in . :^ h 0 ~-T reoyciibi - 

life, rapid catalytic ection ITZe "1* T "" M " 

"cr.in, t eB p eratare/ oonvenlently :::: r :;; a 3 ^° f pb and 

contamination, easy !.„,„, „„ . ontrollable 
B »Ploy„. nt cf ei.idizati" t8 h rea " i0n 

co„ t i nuoua PIOcess :::ti2 batch " a/ ~ 

rapidly and e£f lolantly Carrie /"" SS —"Mr. 
product. "rned out, producing high purity 

The enzymatic process requires th= , 
Penicillin acylase altner Uo UZ f Zl T. °* 
cells as crude enzvjn. ^ . appropriate 

-itb M * en 2 yma;r: c : vitr:;:!:* 1 the whoia ~«- 

sunthesising eD2ynla ae or 
Patent Nos. 3,239 157 „ „ , . J,eve - LS accordxng to the OS 

«* -aii aWa :L r ;." a :L: ' 705 ' " hich dls ° i °« ■« 

SSSSerichia coll" TcTlloT T' £££h ^Ma cell 4TCC s637 , 

of bacteria havingl^^;!^^ ^ J e *** " * 

strain can be cultured to n r„„ WlCUUn «=yla. B . Thls 

containing 0.4, of glL sa * * i " t ™'" -«"» 
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Mle present process <„ , 

substances such "! 0lVSS usi »S «tr appffient „ 

«* Suitable c " a " " 3 " iXtU " ° f *«"o se 

*I- fflU or Proteus rettX i""* ** 

«. ».de into oea d T: y T:„: f Dh fr °" " *° »- 
i ■«• A P Pl.«icrobiol ■ 17 . 3 " ? SySte " -t 

<»/») , cell concentration ot t 3 T « 2-5* 

heads produced b y « process a0 cT, 4 °- 45 ° C ' -U 
«»3» prefers co^td??* 0 ""^ ^ 

»« °f * -isture of carrageen^!' fl un «I*«.d that tbe 
"renoth of g9 l than „or„a" y ODt " T°" *"*'"• "*« 
"sea is about 3-„ (w/v) J «**«»«»- The total mixture 

Preferred ratio of carTL.enan " 31,3 a9 "° Se ' 

2-S = 1.3,.t=. ine cells !r a k 3at<,Se 2 -° !l ° " 

of Nilsson at « „„„' *-«*ili«d by the method 

treated with . g lu ta "! ' T < " >tained ar ° th "> 

concentration, ll ^ tr""" " 

>™th y ie„ e dia n ine of 

of h i9h stIengch gel -3 *ol ar concentration, vieid 

*»logr« per sauare centimetre * 1 ' ^ ^ 3 -° 
■««.». of carrageens md " ° *** IOS '' =«r a ,eena„ and 
imobiliwd penicillin - , a s • "'^"vely. 

». he s t o ra no a ": btained iS 01 * «* 
en^atic activity. Optii' J 63 " WUh °" losi "o its 
*•» three i^oouLdtyLse elvj ^ <* 
«t a PH batmen 6 . 5 to 8 D "* Slttll «' 

catalytic action of the l*""™ "»t-«t ut9 for 

the ranoe of PH -stahili ty is 5 to 8^ " " t0 55 ° C ™* 

The present proc©ft« 

^ble so diuB or'potassil sLT:; 109 ^ ' — 

Penicillin V comprises ,*r Pe»i<=illin G or 

— -to .fLic-i-tT-ctr^r -i— 

±nis technique has 



hitherto not been used for m~ ~ 

turn the gel beada lnto TZu ZkT^ ^ t0 
"-ideation a n „ ng 3 phases " e ^ d 

POssihle (rlgure , and T3fcl ^ » ^J 1 * *• 
auidt».t lon 1, that the gel head, adVanta 9 e <* 

beads and substrate. This C ° ntaCt acea between g el 

substrate solution, as well aa ^ ^ r01 ° f flow of the 

' dS wen as the product. 

in the present process, a micro-organism cell 
concentration of from 10 to 30% f weia hi-V 
« wei.ht Bay ha ased . The "li: LV^^Sxl 0 : T 

immobilized cell beads tC L5 *' The 

ko/rB 2 * aVS 3 stre »9th of i.o to 5.0 x 10 2 

kg/cm 2. when this h . gh ^ ininiobilized eBllB ° * 2 " 

m the preparation of 6-aminopenicillanic acid I 
soluble penicillin =^4-* aniC acid from a water- 

ae Bi «.n./rr sta ^xng material in a bioreactor 

desxc,n.d to operate under a fi„ ldized colldition in 
temperature range of from 25 to 35 °c and the p H is 
controlled to be within P 

the =:iasS r 9at * iess o£ 

S637 or Proteus rettaerl M cc m S .fTT^ ^ 
<br 0wni sh red,. Sf^ t J^ 

between 25 f n M ^ y f Penicxllxn aeyi ase is 

olTTrl V S ^ 9raaBne ° ells ' 100 to 300 units 

LsenTT 5 (<3ry ' en 2 ymes of the 

Present invention are suitable for „ se in the pTeparli^ 
process in a bioreactor * Preparation 

The substrain ° f Continuo ^ «nd batch ty pes . 

The substrate concentration used is 0 .5 - 15% (w/vi a* 
water-soluble salt C f penicillin n ." % <W/V) of 

i^K-jn P=^iwllxn G or penicillin V. The 

xmmobxlxsed en Z yme can be stored at 4°C without any loss of 

months vxth about 20% loss of activitv . The c £ 



action of the en syme ls 

'•5 to 9. GO od hydro lysls of Eh \ e " " a PH «»*• of from 
obtains at . high ^ - .«« be 

The quantity of fh^ i , . 

bloreactor used for « o« the 

constant vaau. within th9 ™ *■ ™« be adjusted to . 

ammonium hydroxide. V er» '- 6 -"- 6 »»th 10 molar 

*.1»9 the reaction. aoLTl" °' *' 

higher „m be obtained if °° Bversi °" ».<=• of 90* and 

Potassium salt of pentLf,"" "°" tha " 158 ° f * »«» or 

Pamcilun g or penicillin v is used. 

acid :i:tT n ^z ::r£t:T:\ ot — 

(isoelectric « with ^Tor^Hr ^ f " «■* 

be achieved by addition of aethano! ? 9 yU " S =an 

ratio of 1:1 or ,., „„, ! IDetha "° 1 *n a methanol sso lutio n 

the temperate . r^ ^roT*- ^ ""^ *" 
used is ^'Hl^ <* ««ha„ol 

Immobilized penicillin acvlas* 4.^ 
can be used in the ™i^J^^£*™' 
S-aminopeniclllanic aciri , Preparation of 

• ™ in « *.c -t -ast 

or less for each batch; Workln * at a period of 6 hours 



fiEKlsa Prep aration of inmobilized penicillin 
acylase ftom Cells Qf ^ ^ 

agarose gel. 

in a 5-litre fermenter, culture a. coll A TCC 9«,7 
minimum medium according to i-h= <= T ~ Sii ln a 

Obtained aTT^locit ol lln n C,Btrta "« ">« ««• 

«*sh the cells twice * it h a 0 8 S 7 ^ " " inUteS " 4<>C - 

-line,, then Z^l^T 

cej.xs in agarose. 
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Agarose powder is dissoi« 0 >» *. 

appropriate concentratCp., « ' S ° 1U "° n « » 

Elation at us °c for la i «9»"««> ■ Heat the 

minute. An equal volume * ° Ver a 2 er i°* of < 

for med . cool the mixture t ri^ro un ' r 

immobilised (enzyme) cells » ? 91Ve 
water at a tera P J^lLT n ll\ T With 

6 st ° ce <3 m cold normal saline imin Mv - 
oeniei'iKn ^ _ ^ , ^ Ane ■ immobilized 

penxcilim aoylase, contained i n the eell _ - _ , 

9637, i s reacted with on, , ^2ii ATCC 

Shake well at 2 t4 for 2 L ^Paraldehyde S ol ufcion . 

wxrn o 0,3 molar hexamethylenedi amine at 4°c for , n 

T 68 ' ^ P-nicillin acyla se i ^ ^ 

- 5 times with distilled water. "asned 



?Xa * Ple 2 P ^P"ation of in a nobil iZ ed penicillin 

acylase from cells of E. cpli ATCC 9637 in 
carrageenan. 

The ^r 3 " Ce " S ^ ^ flTCC 9 " 7 *» ""-PL 1 

Hethca o t E« mpl e !. , pproprlate concentration £ x _ 

carrageenan is 2 - 5 , weight b vol " °f 

the same manner as In Bxaapl . lm ^ beads ofa J " 

tvxoe the strength of the i^obili^a penioiUin aortal 
prepared In agarose gel. acylase 
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f £ "» - coliLcc " ■ 

mixture of cari - anM cc 9637 in a 

C3rrageenan a «<3 agarose gel. 
Prepare cells of s ~ i • 

K-arrageenan to agarose t * I 1 *™ 2 ' r.Uo of 

9.1 beads obtain*. three tiroe ' ^ « (-/V) . Was, the 

chloride solution. Reactions with 0 i moi f^*" 1 "" 1 

and hexamethylenediamine are carrL T gllltaraid ^^ e 

« -ove. „ beads obtained C : e ": f d £ manner 

^at obtained in Example 2. * Stren 9 th of 

Figure 1 shows comparison of the strenafh * 
obtain ed from i^oMli.ation in agarose Tl r ^ ^ 
-«t«r. of agarose and K-carrageeL IL 'Z "' 9 ~ mb * 
l^coli ATCC 9637 of 1 0 % rwA/f ° ° ellS ° f 

oz io% (w/v) concentration are used. 

Agarose gal (5% ^ 

K-carrageenan (2 ^ 5% W/V) 

K-carrageenan/agarose (2.5:1.5 W/V ) 
Ap paratus and Ey p B r^. n1 . 

I—hilt,..^ 1 « stainless steel . 

bottom part of th, r . ! and ls *«a through the 

condition by the ZZl ! ' ^ lB in 3 «»«i«<> 

Part of U./r^Tr^.M " """^ ^ b ° tt0 »° St 

cop part of the reactor and is then 



provided along the height of the " ' Sa " pl1 ^ valves are 

aetermination of t „e -! ' ? ^ re *° tor for Periodical 
or me quantity of 6-APA produced. 

Table It Details of fl uldi2lng Eeact<>r 



Dimensions 



Material 



1-litre 6-litre 
tara) (mm) 



(C) 150 



90 

99 150 



Diameter of reactor (A) 52 
Diameter of head 
Height of head 
Height of cone ( D ) 

Height of reactor ( B ) 600 ??5 

Height of air feed (P) 10o 



150 

20 40 



110 



Plexiglas 
or 

Stainless Steel 



£*S5E±e_4 Bat. of production of 6 - ftM ln 

fluidizing reactor in batch operation. 

250 graces of i™obili M d cell, ia charged into the 
reactor simultaneously with the addition of penicillin T 
solution of by „ei 9 ht, i„ which ^ JL£?? t l 

PB 7i ^ °-° S m01 " SOlUtl °" ° f * of 
M 7.3 and 2 .0. weight of KC1, to mBk e l litre. M c „ f J 

at an average rate of 1. 35 lltre per Bln „ te t0 
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"-Idised condi M . 0 „ithi„ 

—mm hydroxide, ana u,, 7 ;" 7 - 5 " lth " «a. r ^ 

and 30 °c t. v. temperatures are m-.* .. 

* PA ls 20 ""eromole/ml-hr .„„ ... , „' the Produetio 
"9. 3. Ine results ara mhom ln 



^ c on t inuo „ s productlon of 

f i n j jj . u ft ^A in 1— litre 

fluLdizxng reactor. M 

250 grammes of immobilized „„. . 
litre fluidiaing reactor * , »Tt ChSIgea lnto * 1~ 

<* 180 .illilltr J per ho" « wt "»«-«T fed at a rate 

-* -t« at a rate ./I 2 " Uh «• i»» 

action to proceed ^t^T*- t^"" 

-ring the experiment which i/„"« .T.T ^ ** 

temperature. „ e experiment shows that the 'T 

an equilibria state on the sixth \™ "a=«°n enters 

Producing 6 -„ a at . conoentra" on of 30 3 < "~ M ' " 

"» "ate of e^Uiorxl 7 '"^ ° f 120 *•«■• 

~»ai DS constan q t « 6 2 d»rTn"^ a,,0han9ed *"< *"* PB 
demonstrates that th. ra T experiment, which 

Solent andte ^Zr" 1 "" ° £ 6 — ^ 

as sho „» in Fl9 . « . « "<* average 

SSSEiS_£= Continuous production of 5 - APA in , llt 

"uidiring reactor. " 6 " lltre 



1.500 grammes of immobilized «n • 
litre fluidi 2i „ g reactor . ^"^,"" S " into a «. 

Penicillin G in 0 05 „, ^ 7 Beisht s °l"tion of 

0.03 molar phosphate buffer solution of p H 
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7.5 and 2% b y weight of Kcl mr . m 

average rate of 500 »ill Ui * ! COntinuous ^ at an 
with the feeding of air a * h ° Ur ' simu itaneo US l y 

PMiciUio S to 6-ASA oon,.- nTetslon reaction of 

a S the anient te * pecatIlre £ toe aame 

obtained in a , j c) • solution is 

an e 9 ui. alen t of ^/^ n " ««-*«/*ilMli*,.. wMon ia 
22 „ p . rlment is 1" : 5 ;: S p = g °^« Si -- »• »«» of 



Recovery 58% 
Purity of 6-APA 98 S 



Potion of ^ la 6 _ lifcre 
fluxdx.ing reactor in batch operation. 

1.250 grammes of iimilobilized 

reactor simultaneously wit h the adl^ ^ lnt ° ^ 

solution of 6% by weighT i„ I t °* P * nicllli * « 

dissolved in a 0 05^ ^ Penici "i" 6 is 

f r ana 2t \;-i 5 1 :r: f \T i ;: ;l: r~ b r c of 

<av^*.ags rate of about 6 n-* * I*-, 
to create a fxuidi.ea condition th *** 

PH of the reaction nature i" l^TtlTl ' 
range of 7.0 - 7 5 wl „ k ln ad ^ sfc ed to remain within the 
7.5 With 10 molar aftOT oniu» hydroxide 
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solution *w 

*«« f and the reacHnh 4. 

«icro*ole, which- is an egui v al Tnt ° btain6d iS 150 

shown in Pi g . 6> 9 talent to a 90% conversion as 

The 6-APA Solution I. *.u 
acetate ^ -lutioa is then cooled to 2-4 °n 

acetate ln an amount equal to a half ^ m, "-Butyl 
6-APA solution is added _ "J" 1 * ° f fch * Wntlfcy of the 

^ 4.2 with 25% anunonia solution ^ PH iS br ° Ught 

«i*.r th. white cr yst :iror::Ap; v : b r t :. pe ! iod ° f 3 

vacuum for 3 hours. ^amed, and dry i„ 



the 



With the fluidization technique and a h 
results after erystalli.ati*,. h ° perat "n, 

ystaxiisation are as follows: 

Recovery 6 ^ Q% 
Purity of 6- A p A g8-5| 

1-lifcr* «n P rod ^tion of 6-APA in a 

1 litre fluxdx.ed-bed factor with the 
production of 6-APA i„ 9n . , 
scale. enlarged s-iitre 



fin-i*i~' y continuous process <», , 1 , . 

fluidiBmg reactor with a sim n P s * ln a *-l*tr« 

apparatus, using iJ^J^^T^ *" * 
conditions, lle Under the following 



Experimental 



conditions 



Size of fluidized- 
bed reactor 



1-litre 6-ii 



tre 
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Quantity of inuaobili^ cells 
(gramme) 

Concentration of penicillin g ^ 1,350 

solution (%) 

Rate of feeding of penicillin G * 6 

solution (ml/hr) 



40 



220 



Rate of feeding of air 

(litre/minute) 
PH of solution 1,35 7 - 



Temperature (°C) 



7.0-7.5 7.0-7. 



30 



30 



m this experiment , the yield fr™ = 

compared with the ytala fco ,„ . ptodu «™ 
litre reactor „ nd9 r t„* same expert^ ' «" 

«» by „.i 9ht concentration of the penicUlin r , " 

respecti TCly . ^ ZZTZll 

reactors, respectively. The feeding rates of a - 

An/? -7 c 1 • 1 . M taces or air are 1 

and 7.5 litre/minute for the 1-lit™ an * * 

r«p.c ti ve ly . It has ^ fo L ^ '"a " IeaCt ° rS 
reaction and yields „, s a „ ( f 0,6 rates of 

». *« n.tJ^r.."^^^^" p - oa,,ced in 

^ ca.es ere 135 ^e ^Zlli^llTj^ 
(Brief description of the drawings) 

S^ll influence of o.l .olar glu tar aldehyde solution 
penicrr, " " ° f h — eth ^-^i-ine on the activ -^ of 
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(a) 
(b) 



iO% (W/V) E. coii ATC 

of wZT*? by 5% 

10% (W/v) b. coli ATCC 9637 4 

(W/V, esii AICC 9637 ^ 
mixture of ltann^^ 3ea to 7 a 

ratio o f , B f P r. Ca " a9eena " a " d •»«».. i„ a 



ratio of 2.3,1.5* (W/V) {+) . 



reactor at 25 and 3o °c . f luiaized-bed 

«* t. 1.35 l /min , pa oontrolled ^ "** ° f of 
*.S WtH 10 molar a™e„ ium hydco J^ W " ra " 9e ° f 7 -° " 

Figure 4: Continuous production of « , • 

of iM.oi,l liM cells of Proteus t °° h ° UrS with 150 8 

^rrfrn :;^:ri n r temperature - - — <* 
proa uotio „ 0£ 6 --i,cp.Mcuia:L "oia rr: 0 ,":;; 003 , h 

^ " ' 50 9 ° £ in »"> b i"^a cell,, rat. of ait 

~1 ars S i- ^ttern of 6-aainopenlcilla„i,. = -„ 

r.actor t,a oojitlooa oH.^iVr"" 10 " ^ 



15 



f^-Zl C OI np arisoiJ between producticns 
ammopenicillanic acid with i^-,- 

I£ttseri sps-6 i„ 1 lit T cei ^ of Proteus 
2 « o in i-Iitre and r*^*. " 

temperature, concentration L " 

«>e 1-litr. reactor <+> j,„ ".^ " Um G is «•»«• In 
7.5 l/ mi „, rate of „. d . " ""f' rate ot a « feeding i. 

The PH is oo„ t r 0 xi ea " ^^r: : G is 220 ni/hr - 

-olar a^oni™ hyl3 ro X ide ^ ~ 7 -» Mlth 10 
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CLAIMS 

What we claim isr 



4. to taWW mat . ctal accocding ^ x 

ln the form of r ' or J ' 



An iminobili2ed material u 

i- «* a 3arose , carx"!:; *""°*r»- *» «..t tb. gel 

9eenan ' or a mixture thereof. 

2 » An immobilized mat«»n*ai * 

e gel xa cros s ^i inked with glutaraldehyde> 

An immobilized materi 
in the form of beads. 

4, wherein the gel contains from 3 to 6% (w/v > of 
agarose, or from 2.5 to 5 % (w /v) of km 
or from 3 to 5% (v/v) of I P? Carra 9 een * n ' 

agarose. ' ' ' "" ttt " ° f «"«ge«n«„ and 

6. An immobilized material according • 

a mixture of carrao^n* t0 clai * 5, containing 

L carrageenan and aoaros^ in 
of from i s .« s - o a *arose in the proportion 

*.o.*.5 to 3:2, preferably 2.0:1.0 or 2. 5:1. 5. 

7. An immobilized material s,^^ J4 
_ material according to any of c j a jir. e i 1. 
6, having acylase activity u claims 1 fco 

jr-i-ase activity, such as oeniciin n =, 
activity. penicuim acylase 

comprises whols cells. lal 

9. An i»obiU«.a n ,t« iaa accor<Jln3 t „ =1 

th. eo n c a „ tratioll of c . Us is froB s ' to 3o> 
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selected from the group consisting of E L • \ . 

ATCC 9637 and aIC c «, 8 , Proteus rULfrflf 

9?«?n crio „ — us rattgeri strains ATCC 

9250 and SPS-6, and Bacillus megateriug, strains 
including strain ATCC 14945. 

«. *n i»obili S ed aaterial acooraing to ^ 

>. wherein the enzymatic aaterial comprises a cell- 
free extract. 

12. A process for Mobilizing enzymatic .atrial in a g -i 
«tr„ which Comprises enfcrapping ^ ^ 

of agarose, carrageenan, or a mixture thraoff. 

13. A process according to claim 12, wherein after 
entrappment of the enzymatic material the gel is cro ss 
linked with glutaraldehyede. SS " 



14. 



15. 



16. 



17. 



A process according to claim 13, wherein the gel is 
treated with 0.1-0.3 molar glutaraldehyde. 

A process according to claim 13 or 14, wherein the 
cross-linked gel ls tteated wlth a 

hexamethylene diamine. 

A process according to claim 15, wherein the cro ss - 
ixnked gel is treated wilth 0.1-0.3 molar 
bexamethylene diamine. 

An enzymatic de-acylation process characterised by the 
use of a n immobilized material according to any of 
claims l to lh 



18. * Process according to daia 17, in which tne raatecial 
usea ln a fluidized condition. 



19. A process according to claim 17 or la m „ 
continuous process. Which is * 

20. A process according to c i aim l7 / i8 or 
Preparation of 6-anunopenicilianic acid ll I 

a P«ntcilli„ wit h a nnnieinin^l^ " ° f 

2 1 • A process ^ccordino . 

tain ^ to Claim 20. wherein 
nenir-m^ • r ^Herein the 

P.nicilli n v .J Ta "! " ° f Penlcll "» « « 

sucn as a Bodion, or potassium salt. 

22. A btoreactor having a cylindrical sh 

capacity of fron 1 litx , to 300 Utt J*' 
diameter-to-heicht rat-<„ • * " tr es, wherem the 
uprising su^te "ea frOT 118 to 

reactor a t ^ " Ka ' ,S " l0WSC *«« «* 

UPPer part of * h °" P "* the reMt ° c ' «• 

acylase either as free penicillin , , ^ l " U,n 

having penicll lin ^.aTIt^ " " 

by a method according t! « , * 

«*.«.*. -^aini-g^t^. f 1D c r;, : i6 '. Bith * 

substrate being fluid!** by si ' the 
air distributor. «nt.r in g through an 

24. * process according to claio 23 , wherein h,. , 

containing i^obill^ penicillin" cy se haVI ^ 
capacity of from 1 to 300 litres. 



25. A process according to claim 23 or 24, wherein the 
quantity of immobilized penicillin acylase used in the 
column of the f luidized-bed reactor is from 1/4 to 1/2 
of the volume of the column used. 

26. A process according to claim 23 , 24, or 25, wherein 
the fluidizing air fed into said reactor column has a 
rate of flow of from 60 1/hr to 360 l/hr at a 
pressure of 1.0 kg/cm 2 and a temperature of from 30 to 
40 °C. 

27. A process according to any of claims 23 to 26, which is 
a batch process. 

28. A process according to any of claims 23 to 26, which is 
a continuous process. 



29. 



A process according to claim 28, wherein the solution 
of the penicillin compound is continuously fed at a 
feeding rate of from 80 to 25,000 ml/hr. 

30. A process according to any of claims 23 to 29, wherein 
the reaction occurs at a temperature from 25 to 40 °c, 
a pH value of from 7.5 to 8.6, without accumulation of 
heat in the system when the cells of Proteus rettgeri 
and E . coli are used. 

31. A process according to any of claims 23 to 30, wherein 
the quantity of said beads of immobilized penicillin 
acylase contained in said fluidized-bed reactor is from 
1/4 to 1/2 of the volume of said column used. 

32. A process according to any of claims 23 to 31, wherein 
the reaction is continuous or non-continuous in the 
same reactor. 
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